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ABSTRACT 

Integrat ion of t h e  equations o f  ro t a t ion  of the planet  Mercury 

i s  f ac i l a t ed  by having a computer perform the  per t inent  numerical 

algorithms. 

ro ta t ion  of Mercury a re  calculated accurate t o  one ten th  of an a rc  

second. The numerical solutions t o  the l i b r a t u r a l  motion of Mercury 

are  presented. 

The perturbations of t h e  two t h i r d s  o r b i t a l  period 
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I n  a recent report''), we presented the analysis  of the resonance- 

locked ro ta t ion  of the  planet Mercury under the  influence of the 

planetary po ten t i a l  and the  o r b i t a l  eccent r ic i ty .  

present note i s  t o  record the numerical solut ion of t he  l i b r a t i o n a l  

motion. 

i s  f ac i l a t ed  by having a computer perform the  per t inent  numerical 

algorithms. 

ro t a t ion  of Mercury a re  calculated accurate t o  one ten th  of an a rc  

The purpose of the 

Integrat ion of the  equations of ro ta t ion  of the planet Mercury 

The perturbations t o  the two th i rds  o r b i t a l  period 

second. 

The equation of the  planetary ro t a t ion  a b o u t . i t s  polar axis 

has  the  form 

where f i s  the  t rue  anomaly and+, denoting the  angle between the 

smallest  of the  moment o f  i n e r t i a  with the radius vector, i s  the 

solut ion of the following d i f f e r e n t i a l  equation ( 1) 

measures the  difference between t h e  two B-4 c i n  which A - 
small momentsof i n e r t i a  and e i s  the  o r b i t a l  eccent r ic i ty .  

By applying the  Runge-Kutta in tegra t ion  algorithm, equation ( 2 )  

i s  solved on an IBM 7090 computer. 

necessary algorithms f o r  successively updating expansions of 

The computer program performs the  
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equation ( 2 )  t runcat ing only insignif icant  terms. 

c i s ion  i s  consis tent  with the truncation leve l .  

The over -a l l  pre- 

In  order t o  invest igate  the instantaneous physical l i b ra t ions  o f  

t h e  planet  Mercury, the  variable of function @ has been transformed 

from the  t rue  anomaly f t o  the mean anomaly M. If E i s  the  p lane t ' s  

eccentr ic  anomaly, a well-known formula of o r b i t a l  motion 

cons t i tu tes  the  basis  of the 

t i o n  the  mean anomaly can be 

transformation. Then, by Kepler ' s  equa- 

calculated according t o  

Solutions of P, are  generated f o r  various combinations of para- 

meter A and i n i t i a l  conditions for a period of 100 years.  For t he  

o r b i t a l  eccen t r i c i ty  of Mercury, the  value e = 0.206 i s  adopted. 

The r e s u l t s  of the period and the s m a l l  mp l i tude  of  th i s  l i b r a -  

t i o n a l  motion are:  

h = 0.000050 A = 0.000500 h = 0.000005 
Period Amp1 i tude Period Amplitude Period Amplitude 

years) days ) (years) l a a Y S  1 l years) l days) 

80 0.008 25 0.008 a 0.008 
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For large amplitude l ibrat ion,  the period should be corrected by 

The r e s u l t s  indicate  that  it wquld a fac to r  of an e l l i p t i c  integral .  

be possible t o  determine the parameter A f o r  the planet Mercury if the 

period and the amplitude of i t s  physical l i b r a t i o n  can be observed. 

Since the resonance condition i s  due t o  the  angle 3-2/q 
-z/q = 0 , the rotat ion of the  planet Mercury can remain 

locked-in motion when the ro ta t iona l  r a t e s  a re  within the range be- 

tween an upper and a lower limit. A s e r i e s  of computer runs estab- 

l i shed  the following resu l t s :  

Lower-limit f o r  
ro ta t iona l  period 

Up e r - l i m i t  f o r  
rogational period 

h (days) (days) 

0.000005 58.538 58.754 

0.000050 58.260 59 032 

0.000500 57 381 59 09x1 
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